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Table 2. Effect of a 30 min exposure to S. officinalis essential oil on 
hepatocyte suspension GSSG and GSx (total glutathione) content and on 
lipid peroxidation  expressed   by  TBARS  formation.  # P<0.05 between 
control and t-BHP treated cells; * P<0.05 when compared with control cells.Peak nº Compound name % μg/g dry wt
1 1-Butyl acetate 0.01 2.1
2 cis -2-Methyl-3-methylene-hep-5-ene 0.70 68.1
3 trans -2-Methyl-3-methylene-hep-5-ene 0.07 7.6
4 Tricyclene 0.11 11.3
5 α -Thujene 0.09 8.9
6 α -Pinene 4.08 399.1
7 Camphene 3.05 298.4
8 Sabinene 0.06 6.3
9 β -Pinene 4.47 437.0
10 Myrcene 0.49 48.0
11 n -Decane 0.01 1.3
12 α -Phellandrene 0.06 5.5
13 α -Terpinene 0.20 18.9
14 p -Cymene 0.14 13.7
15 Limonene 1.46 142.4
16 1,8- Cineole 12.73 1703.9
17 cis -β -Ocimene 0.27 26.5
18 trans -β -Ocimene 0.40 39.2
19 γ -Terpinene 0.05 4.4
20 trans -Sabinene hydrate and/or cis -Linalool oxide 0.05 6.7
21 Not identified 0.02 2.7
22 Terpinolene 0.16 15.7
23 n -Undecane 0.01 0.8
24 Linalool tr tr 
25 α -Thujone 17.35 2491.4
26 β -Thujone 3.87 518.5
27 α -Campholenal 0.10 13.5
28 Not identified 0.22 29.9
29 Camphor 3.33 445.4
30 Not identified 0.01 1.2
31 (cis-3- )-Pinanone 0.73 97.8
32 Borneol 8.29 1109.5
33 Pinocamphone isomer (T) 0.23 30.3
34 4-Terpineol 0.19 25.6
35 α -Terpineol 0.25 32.7
36 Not identified 0.32 43.0
37 Not identified 0.02 3.1
38 Not identified 0.02 1.7
39 Bornyl acetate and/or Isobornyl acetate 0.91 127.9
40 cis -Sabinyl acetate 0.07 9.8
41 Not identified 0.33 47.2
42 δ -Terpineol (T) (?) 0.08 11.3
43 δ -Elemene 0.09 8.8
44 trans -Carvyl acetate 0.00 0.5
45 Not identified 0.01 1.0
46 cis -Carvyl acetate 0.13 18.5
47 Neryl acetate 0.27 38.8
48 β -Bourbonene + Geranyl acetate 0.09 10.8
49 β -Caryophyllene 8.49 836.9
50 Aromadendrene or α -Guaiene (?) 0.84 82.2
51 α -Humulene 13.25 1305.7
52 allo -Aromadendrene 0.14 13.2
53 Germacrene D isomer #3 0.47 46.5
54 Germacrene D 0.05 4.6
55 α -Selinene 0.50 49.4
56 δ -Cadinene 0.64 62.9
57 Caryophyllene oxide and/or Globulol 0.49 65.9
58 Viridiflorol 6.23 834.0
59 Widdrol (?) 0.72 96.4
60 trans -α -Bergamatol acetate or (E), cis, epi-β -Santalol acetate 0.05 8.9
61 Not identified 0.03 4.1
62 Manool 2.39 248.7
63 Not identified 0.11 15.1
64 Not identified tr
65 n- Hexacosane 0.01 1.1
66 n- Octacosane 0.02 2.6
Grouped components
Monoterpene hydrocarbons 15.9 1553.8
Oxygen-containing monoterpenes 47.7 6565.5
Monoterpenyl esters 1.8 243.7
Sesquiterpene hydrocarbons 24.5 2410.2
Oxygen-containing sesquiterpenes 7.4 996.4
Sesquiterpenyl esters 0.0 8.9
Oxygen-containing diterpenes 2.4 248.7
Others 0.3 38.3
Total 100.0 12065.4
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Introduction
The widespread use of sage (Salvia officinalis L.) in herbal teas and as a food 
condiment requires that studies of their biological effects are conducted in order to prevent 
ill effects on human health. It is known that the essential oil (EO) of this plant is neurotoxic, 
but in higher concentrations than those used in the applications referred above.
In this study we have isolated and characterized the EO of S. officinalis and studied 
its toxic/protective effects in isolated rat hepatocytes. The aims were: 1. to determine 
whether the use of the S. officinalis EO has any adverse effects to the liver in the 
concentration range likely to be ingested; 2. verify the often attributed antioxidant effects 
(protective) on liver cells against t-BHP (tert-butyl hydroperoxide) induced toxicity.
Methods
The EO was obtained by hydrodistillation of fresh aerial parts of sage plants harvested in April 2001 in Arouca experimental farms in 
northern Portugal and then analyzed by GC and GC-MS following the methodology previously described (1). To study EO toxic/protective 
effects in isolated rat hepatocytes, we measured the cell viability (LDH leakage), lipid peroxidation and glutathione status in experiments 
undertaken with cells (suspensions of 1X106 viable cells per millilitre) exposed to EO alone (toxicity of the EO; t-BHP as a positive control); 
and with cells exposed to EO and an oxidative compound (t-BHP) together (in EO protection evaluation; quercetin as a positive control) for 
30 min. Hepatocyte isolation was performed by collagenase perfusion as described by Moldéus et al. (2). 
Data are expressed as means ± SEM (n=5) (cells obtained from 5 different rats). Significant differences between control and t-BHP 
treated cells were determined by Student’s t-test. Significant differences within EO series (EO toxic and protective evaluation) were 
determined by one-way ANOVA followed by Dunnett’s test. Differences were considered significant when P≤0.05.
Results
¾ EO characterization
Table 1. Composition of the essential oil obtained by hydrodistillation of 
vegetative aerial parts of S. officinalis plants collected at April 2001.
¾ Toxic effects of EO on liver cells ¾ Protective effects of EO on liver cells
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Table 3. Anti-hepatotoxic effect of S. officinalis essential oil on hepatocyte
suspensions damaged by t-BHP (0.75 mM) for 30 min. GSSG, GSH and GSx
content and on lipid peroxidation expressed by TBARS formation were measured. #
P<0.05 between control and cells treated only with t-BHP.
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Table 4. Anti-hepatotoxic effect of quercetin (positive control) on hepatocyte
suspensions damaged by t-BHP (0.75 mM) for 30 min. GSSG, GSH and GSx
content and on lipid peroxidation expressed by TBARS formation were measured. #
P<0.05 between control and cells treated only with t-BHP; * P<0.05 when compared 
with cells treated only with t-BHP.
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Figure 1. Effect of essential oil of S. officinalis on cell viability (measured 
by % of LDH leakage) in hepatocyte suspensions after 30 min of exposure. #
P<0.05 between control and t-BHP treated cells; * P<0.05 when compared 
with control cells. The cell viability is expressed as a percentage of control. 
Figure 3. Effect of essential oil of S. officinalis (main plot) and quercetin (minor plot) 
on cell viability (measured by % of LDH leakage) of hepatocyte suspensions damaged 
by t-BHP (0.75 mM) for 30 min. # P<0.05 between control and cells treated only with t-
BHP; * P<0.05 when compared with cells treated only with t-BHP. The cell viability is 
expressed as a percentage of control.
Figure 2. Effect of essential oil of S. officinalis on hepatocyte suspensions 
GSH content after 30 min of exposure. # P<0.05 between control and t-BHP 
treated cells; * P<0.05 when compared with control cells.
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Discusion and conclusions
The yield of the essential oil obtained by hydrodistillation of sage 
leaves was 12 mg per g of biomass dry weight (13.3 μl per g of biomass 
dry weight), a value somewhat lower than those obtained from fresh leaves 
of the same sage cultivar (1) but within the range of values reported by 
other authors (3). We identified more than 50 compounds where the major 
representative compounds were α-thujone (17.36 %), α-humulene (13.25 
%), 1,8-cineole (12.73 %), β-caryophyllene (8,50 %) and borneol (8.29 %). 
In April, the composition of the EO from S. officinalis plants grown either in Portugal (1) or in Israel (4) are characterized by a low level of α-thujone and 
camphor. The levels of these two compounds in the essential oil used in the assays here reported were slightly lower than the corresponding minimum 
values from the profile defined by the standard ISO 9909 (1999) for the essential oil of S. officinalis - α-thujone (18-43%), camphor (4.5-24.5%) (5).
Our results of the EO bioactivities on rat hepatocyte suspensions show that the EO is not toxic when present at a concentration below 200 nl/ml; 
only at 2000 nl EO/ml cell suspension occurred a significant LDH leakage and GSH decrease indicating cell damage. The EO toxicity at this concentration 
may be due to GSH depletion or to a solvent effect on the membrane. These results suggest that care should be taken when using high doses of 
essential oils of sage in the food industry or as alternative medicines because of their potentially toxic effects on the liver apart from the known neurotoxic
effects of the oil due to α-thujone and camphor. However attention should be paid to the fact that the composition of sage extracts varies and reflects 
time of harvest and plant’s growth conditions such as climate, soil composition and light intensity (1). It is therefore important that detailed information is 
available on the material being tested or used in the food industry.
In the range of concentrations tested the EO did not show protective effects in contrast with the positive control quercetin.
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